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Introduction 


The  goal  of  this  program  is  to  investigate,  both  theoretically  and  experimentally,  new 
approaches  to  constructing  XUV  and  soft  x-ray  lasers;  it  is  a  continuation  and  extension 
of  our  work  sponsored  by  the  predecessor  contracts.  At  these  short  wavelengths,  atomic 
spontaneous  emission  times  are  typically  less  than  a  nanosecond  and,  for  levels  that 
autoionize,  are  often  less  than  a  few  picoseconds.  It  is  technically  very  difficult  to  excite 
such  levels  directly  to  produce  laser  action  in  the  way  that  is  commonly  done  for  visible 
laser  levels.  Practical  short  wavelength  lasers  will  have  a  significant  impact  in  many  areas; 
applications  include  spectroscopy  of  surfaces,  high  resolution  lithography,  microscopy,  and 
holography. 

The  realization  of  the  great  promise  of  such  applications,  however,  depends  of 
the  properties  and  practicality  of  the  lasers  developed.  Although  there  is  a  20  year 
history  of  proposals  for  XUV  and  soft  x-ray  lasers,  most  approaches  require  very  high 
pumping  powers.  We  have  developed  systems  which  can  produce  useful  gain  using  only 
moderate  input  energies  by  combining  the  unique  properties  of  particular  atomic  states 
with  innovative  experimental  techniques.  Thus,  the  program  has  consisted  both  of  atomic 
spectroscopy  studies,  and  exploration  of  new  pumping  techniques  and  geometries. 

Our  basic  pumping  technique  makes  use  of  a  laser-produced  plasma  as  a  source  of 
incoherent  soft  x-rays.  This  x-ray  flashlamp  photoionizes  atomic  core  electrons  producing 
populations  in  highly  excited  states.  Our  early  work  demonstrated  that  this  process, 
combined  with  a  new  geometry  with  the  gain  species  surrounding  the  plasma  target,  could 
produce  very  large  excited  state  densities  with  moderate  input  energies.  Populations  in 
excess  of  1015cm-3  were  produced  using  less  than  0.2  J  of  1064  nm  energy  on  target. 

The  program  during  this  period  emphasized  a  particular  excitation  process: 
photoionization  of  a  core  electron  followed  by  Auger  decay  to  produce  direct  inversions. 
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These  types  of  systems  are  particularly  interesting  because  the  decay  is  highly  selective  in 
some  cases;  yields  as  high  as  25%  into  particular  levels  axe  possible.  Thus,  significant  gains 
can  be  achieved  using  only  a  few  joules  of  laser  pumping  energy,  rather  than  kilojoules. 
We  first  identified  and  proposed  such  systems  in  Zn,  Rb,  and  Cs,  and  began  experimental 
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projects. 

Section  2  itemizes  some  of  the  particular  results  of  our  work  under  this  program,  and 
Section  3  lists  publications  based  on  supported  work.  This  program  of  research  is  jointly 
funded  by  other  agencies,  including  ONR,  LLNL,  and  SDIO. 
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Section  2 


Summary  of  Accomplishments 

The  list  below  summarizes  our  important  results  during  this  contract,  and  its 
predecessors,  of  our  program  to  create  new  short  wavelength  lasers. 

1.  Our  work  on  metastable  store  and  transfer  began  in  1975  with  the  proposal  for  laser- 
induced  collisions,  followed  by  the  first  experimental  demonstration  of  laser-induced 
dipole-dipole  collisions,  and  laser-induced  charge  transfer  collisions. 

2.  In  1977,  we  proposed  spontaneous  anti-Stokes  scattering  as  a  pump  for  XUV  lasers, 
and  as  a  high-resolution  XUV  radiation  source. 

3.  The  store  and  transfer  method,  based  on  quartet  levels  which  lie  above  the  continuum, 
was  proposed  in  1980. 

4.  Using  a  pulsed,  high-power  microwave  discharge,  the  emission  spectrum  of  core-excited 
Li  (with  intense  emission  at  207  A ,  plus  emission  into  the  valence  electron  continuum) 
was  observed. 

5.  Transfer  from  the  Li(ls2s2p)  4P  to  the  Li(ls2p2)  2P  level,  thereby  connecting  the 
doublet  and  the  quartet  manifolds  of  Li,  was  achieved  in  1981. 

6.  The  spontaneous  anti-Stokes  Raman  source  was  demonstrated  and  used  to  take  the 
highest  resolution  spectrum  of  core-excited  K  to  date. 

7.  Pulsed  hollow-cathode  discharge  technology  was  developed  and  used  to  measure,  for 
the  first  time,  the  populations  of  metastable  quartet  levels  in  neutral  Li  and  Na. 

8.  In  1983,  we  demonstrated  the  use  of  laser-produced  x-rays  for  pumping  metastable 
levels  of  Li  + .  Population  densities  of  ions  in  excess  of  1015cm-3  at  ~  60  eV  were 
obtained. 


9.  This  was  followed  by  the  demonstration  of  the  use  of  laser-produced  x-rays  to  produce 
hot  electrons  which,  in  turn,  excited  the  metastable  storage  levels  of  Li  and  Na.  This 


experiment  also  resulted  in  the  first  measurement  of  the  metastability  of  quartet  levels 
in  the  presence  of  hot  electrons. 


10.  Using  laser-induced  fluorescence  from  metastable  storage  levels,  we  obtained  a 


Grotrian  diagram  for  core-excited  Na. 


11.  The  concept  of  quasi-metastability  was  proposed,  and  was  demonstrated  via  the 


emission  spectra  of  core-excited  Cs. 


12.  We  developed  and  proposed  a  new  type  of  scheme  for  XUV  lasers  using  Auger 


processes  in  Cs  and  Zn. 


13.  A  new  longitudinal  pumping  geometry  using  an  ellipsoidal  grazing  incidence  mirror 


was  proposed. 


14.  A  proof-of-principle  experiment  was  performed  using  an  ellipsoidal  mirror  to  pump 
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